Summary. Embryos were transferred between Meishan and Landrace \m=x\ Large White (control) gilts on Day 4 or 5 to establish approximately equal numbers of all four possible combinations of donor breed and recipient breed. The breed of the donor gilt significantly (P < 0\m=.\01) affected embryo survival with 44\m=.\5%of transferred Meishan embryos and 69\m=.\6%of transferred control embryos surviving to Day 30 \ m=+-\ 1.There was no influence of the breed of the recipient gilt on the proportion of embryos which survived. These differences in embryo survival between the two breeds could not be explained by differences in (1) the number of embryos transferred, (2) the stage of development of the embryos transferred, (3) the interval between ovulation and transfer or (4) the degree of asynchrony between donor and recipient gilt.
Introduction
Chinese Meishan pigs are noted for their exceptional prolificacy (Yun, 1988) with average litter sizes 30-40% higher than contemporary Large White pigs (Bolet et ai, 1986; ). Cross-breeding trials have revealed that the genes controlling prolificacy in Meishans are expressed in the dam . These authors obtained no evidence to suggest that conceptus genes contribute to the difference in litter size between the breeds. Ovulation rate imposes the upper limit to litter size in pigs; however, several workers have failed to find evidence of a higher ovulation rate among Meishan females compared with Large White females (Bolet et ai, 1986; Bazer et ai, 1988a, b; Ellendorff et ai, 1988 (Haley & . The main reason for Meishan prolificacy appears to be an increased prenatal survival (Bidanel & Legault, 1986; Bazer et ai, 1988b; Haley et ai, 1990 ) due either to a uterine environment which is capable of supporting the growth and development of many embryos, or to an improved quality or viability of embryos produced. In the present experiment reciprocal embryo transfer was used to determine which of these alternatives primarily promotes prolificacy in Meishan pigs, and to assess the contribution of fetal and maternal factors to the growth and development ofthe feto-placental unit. A preliminary report of this experiment has been presented elsewhere (Ashworth et ai, 1989 (Wilmut et ai, 1990) and therefore obtain embryos from both breeds at comparable post-ovulatory ages and stages of development.
Embryos were recovered from the anterior 20 cm of each uterine horn using established surgical procedures (Polge, 1982 (Snedecor & Cochran, 1967) .
In these analyses the effects tested were the breed of donor, the breed of recipient and their interaction, and the regressions on mean embryo stage, the interval between ovulation and transfer and the degree of asynchrony allowing the regressions to differ between recipient breeds. In analyses of proportions of embryos surviving, the effect of the numbers of embryos transferred was also examined.
Measures of conceptus growth. Analyses of surviving conceptus length, weight and allantoic fluid volume were performed using GENSTAT. In these analyses factors measuring variation between gilts, such as breed effects or embryo mean stage, were tested against variation between gilts within transfer groups. Within gilts, the position of a fetus within the uterine horn and the number of adjacent moribund fetuses (0, 1 or 2) were tested against variation within females. To express fetal position within a uterine horn on a uniform scale, irrespective ofthe number of fetuses in that horn, the location ofthe fetus was expressed as a proportion along the length ofthe horn from the tip (0) to the bifurcation (1). The fetus closest to the ovary would therefore be at position l/2n, and its nearest neighbour at position 3/2n, where is the number of fetuses in the horn. The variables included in the model were breed of donor, breed of recipient and their interaction. The covariates of mean stage of embryos transferred, day of slaughter, number of fetuses in the same horn, position, and the number of adjacent moribund fetuses were included in the analyses.
Results

Characteristics of transfers
Thirty-two embryo transfers were performed. The remaining 16 gilts did not exhibit oestrus at the expected time or were without a suitable partner to form a transfer pair. Breed differences in ovulation rate, the interval between allyltrenbolone withdrawal and oestrus and gilt weight are shown in Table 1 . The interval between the final feed of allyltrenbolone and oestrus was not significantly correlated with gilt weight. (Haley et ai, 1990) . Larger numbers of Meishan embryos were transferred than control embryos (Table 2) , reflective of the higher ovulation rate observed in Meishan gilts. The proportions of embryos surviving in each ofthe three stages of pregnancy investigated (Tl, T2 and T3) are shown in Table 4 . There was a significant effect of breed of donor on the angular transformed proportions of embryos surviving in each of the three categories, but no effect of recipient breed or the interaction between breed of donor and recipient. The number of embryos transferred did not affect the proportion which survived. Both the mean stage of transferred embryos and the estimated interval between ovulation and transfer significantly affected the pro¬ portion of embryos which survived in Tl, T2 and T3 and these effects differed between recipient breeds. The predicted mean percentages of embryos surviving in each group after fitting these effects and back-transforming from the angular scale are shown in Table 4 . These means were predicted from the approximate mean stage of embryos transferred, the mean time, in hours, between donor ovulation and transfer and with no asynchrony between donor and recipient gilts. As the means predicted after adjustment for the covariates were very similar to the observed means, it can be concluded that the covariates do not explain the differences between the transfer groups at any of the three stages investigated. (P < 001), -0-20 + 0-04mm (P < 001) and -0029 ± 0005g ( < 0-05), respectively. The regressions of allantóte fluid volume ( + 25-1 + 6-4ml, < 001), crown-rump length (+165 + 0-21 mm, < 0001) and fetal weight ( + 0-272 + 0-023 g, < 0001) on day of pregnancy were significant and positive. Allantóte fluid volume increased towards the tip of the uterine horn, the regression on position being -26-9 + 121 ml (P < 005). The effects ofthe covariates did not explain the observed breed differences in conceptus growth. The predicted means for each of the three traits in each of the four transfer groups are shown in Table 5 . These means were predicted in a model including breed of donor and recipient and with covariates having significant effect fixed at their approximate mean values (i.e. 8-5 for mean stage of embryos at transfer, 7 fetuses in each uterine horn, Day 30 of pregnancy and at the mid-point in the uterine horn).
The contribution of recipient breed and donor breed to the three measures of conceptus growth was similar for allantóte fluid volume (36-2 + 11-2 ml and 22-8 +11-5 ml, respectively), and fetal length (1-29 + 0-34 and 107 + 0-32, respectively), but the contribution of recipient breed to the observed differences in fetal weight was approximately 2-5-fold that of the donor breed (0-202 + 0045 and 0081 + 0042, respectively). Correlations between each ofthe three measures of conceptus growth investigated were all highly significant (P < 0001 in each case).
Discussion
This experiment has demonstrated that Meishan embryos are less tolerant to routine embryo transfer procedures than are control Landrace Large White embryos. Both the proportion of recipient gilts that remained pregnant and the proportion ofcontrol embryos which survived following transfer were within the usual range (Polge, 1982) , indicating that the embryo transfer procedure per se was satisfactory. The poor survival of Meishan embryos may reflect a reduction in embryo viability before transfer or may indicate that optimal embryo transfer conditions differ between Meishan and control embryos. Optimal conditions for pig embryo transfer have been determined using European breeds of pig. The requirements of Meishan embryos for factors such as incubation media and the degree of synchrony between donor and recipient gilt at the time of transfer may differ from control embryos, despite the apparent absence of morphological or developmental differences between embryos from the two breeds. The medium used for embryo incubation was selected following observations indicating that, before the blastocyst stage, pig embryos remain viable in a relatively simple medium (Davis, 1985) and that supplementation of media with vitamins and amino acids was detrimental to viability in vitro (Meyen et ai, 1989) . However, Meishan embryos may require a more complex nutrient source.
The degree of synchrony between donor and recipient gilts is not believed to be a major factor leading to Meishan embryo death in this experiment. Firstly, in the across-breed transfer groups, embryos were transferred between Meishan gilts on Day 5 after oestrus and control gilts on Day 4. In an experiment in which Day-6 pig embryos were transferred to Day-7 recipient gilts, and Day-7 embryos were transferred to Day-6 recipients, embryo survival was higher in the latter group in which embryos were advanced relative to the recipient (Pope et ai, 1986 (Varley et ai, 1989) ; these gilts gave birth to litters of normal size.
In the current study Meishan gilts had, on average, 4-57 more corpora lutea than did control gilts. Haley & Lee (1990) also noted a breed difference in ovulation rate in favour of Meishan, with Meishan gilts and sows having 4 and 5-5 more corpora lutea than Large White gilts and sows, respectively. The reason for the apparent discrepancy between these observations and accounts of lower ovulation rates in Meishan females (Bazer et ai, 1988a, b; Ellendorff ef ai, 1988) (Rathnasabapathy et ai, 1956) . Similarly, fetuses in unilaterally hysterectomized-ovariectomized gilts were shorter, lighter and contained within smaller allantóte sacs than fetuses in intact control gilts (Knight et ai, 1977) , although in general these differences did not approach significance until Day 35 of pregnancy. Embryos from control donors developed into fetuses which were longer and occupied larger allantóte sacs than Meishan embryos. Examination of the predicted means of the three measures of conceptus growth reveals that maternal and fetal effects contribute approxi¬ mately equally to the total breed differences in allantóte fluid volume and fetal length, whereas the maternal contribution to fetal weight is approximately 2-5-fold that of the (non-significant) fetal effect. Similarly crossbreeding trials between Meishan and Large White pigs have revealed that maternal genetic effects explain virtually all ofthe breed difference in piglet birth weight (D'Agaro et ai, 1990) . In this way Meishan mothers may be able to limit fetal growth, and therefore carry larger numbers of fetuses to term.
